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iv. 
INTRODUCTION 
This dissertation deals with some of the properties of Staphylo-
kinase, or as it had formerly been identified, Staphylococcal F1brinoly-
sin, an eDllyme elaborated by certain strains of Micrococcus pyogenes .!!!:_• 
aureus, whereby these organisms are capable of effecting the lysis of plas-
ma clots. Throughout this paper, this organism llill be called by its more 
familiar name, StaphYlococcus aureus. 
v. 
CHAPTER I 
-------
REVIEW" OF TEE LITERATURE 
The ability of certain strains of pathogenic staphylococci to 
effect the lysis or dissolution of plasma clots (fibrin clots) has been 
variously designatedt fibrinolysis, fibrolysis, staphylolysis, staphylo-
coccal fibrinolysis, and more recently, the active agent has been termed 
staphyloldnase. This fibrin-dissolving phenomenon was first recognized 
by Rietsch (48) using a 2~ percent peptone solution as a culture medium. 
He noted that the alcoholic precipitate, washed and dried, demonstrated 
fibrin digesting activity in neutral or slightly alkaline solution. 
Salvioli (49) deter.mined that there occurred a pronounced decrease in 
the coagulability of blood following the injection of a liquid in which 
staphylococci had been grown. 
Much (41), investigating the coagulating properties of Staphylc-
coccus aureus, observed a fibrinolytic effect as well as a "thrombin-
like" component, stating that the former was rarely found. Klein-
schmidt (27) concluded that both 11staphylokinase 11 (i.e. coagulase) and 
staphylofibrolysin were bound to the living cocci, He observed a curious 
reaction of dilute phenol solutions whereby plasma, having been coagulated 
by any method and then lysed by staphylococci was quickly recoagulated 
when brought in contact with phenol solutions. Attempts by Fisher (13, 14) 
to duplicate this experiment were unsuccessful, 
Von Gonzenbach and Uemura (58), in a comparative investigation of 
five strains of Staph. pyogenes aureus of different origins, regularly 
l. 
observed coagulation of 1 percent oxalated plasma followed by dissolution 
of the coagulum. This occurred in prompt sequence when dealing m. th li v-
ing cocci, but was temporarily retarded in the investigation with heat-
killed cocci, 
Gratia (21) in one of the few articles dealing exclusively with 
the fibrinolytic action of staphylococci, observed marked variation in 
the speed of the lytic phenomenon depending upon the species of plasma 
used, Using dog plasma, the cycle of coagulation and lysis was completed 
within two to three hours; with human plasma, the cycle required longer 
periods of time, He further noted that clots formed by the recalcifica-
tion of oxalated plasma or by the coagulating action of the organism were 
equally lysed, The two processes (i.e. coagulation and lysis) seemed to 
occur simultaneously and the clotted and lysed plasma was capable of pre-
venting the coagulation of oxalated plasma by recalcification or thrombin, 
Using the designation of "Fibrolysis of the Staphylococcus", Aoi 
(1) postulated an intimate relationship between the pathogenicity of 
staphylococci and fibrinolytic, clotting, and hemolytic activity. He 
further noted that a relatively high pH (7,5 to 8,0) facilitated the pro-
duction of fibrinolysin and that oxygen was essential, Furthermore, fi-
brinolysin was filtrable, precipitated by 75 percent alcohol or acetone, 
adsorbed to kaolin, talcum, magnesium carbonate, and charcoal. Injection 
of the acetone precipitate of broth cultures stimulated the production 
of antibodies which inhibited the fibrinolytic action of acetone precipi-
tates from heterologous staphylococci. Aoi further showed that fibrino-
lysin was resistant to wet heat at 100 C, 3-hour exposure to sunlight, and 
a variety of disinfectants, e.g. phenol (1:100), chloroform (i saturation), 
2, 
thymol (i saturation), and ~100 or less of formalin. Since the tryptaae 
in serum acted upon the congo red fibrin incorporated into the culture 
medium employed, the fibrinogen traction of plasma, tree tram tryptase, 
gave the best test for the demonstration of antibodies. 
Vanbreuseghem (66) found that fibrinogen in plasma that had been 
maintained at a temperature of 37 C appeared to lose its ability to be 
lysed by staphylococci. 
Gengou (17), studying the action of staphylococci on oxalated 
plasma and on fibrinogen, concluded that the plasma proteins, particularly 
albumin, exerted a strong anti-lytic action; and that the coagulation of 
oxalated plasma and the ultimate lysis of the clot were due to a single 
substance secreted by the organism. The modifications undergone by fibrino-
gen and oxalated plasma appeared to be comparable to those which these sub-
stances undergo under the influence of thrombin. He found the fibrinolytic 
agent resistant to drying, thermostable, not dialysable, and easily re-
tained by filters. 
Vanbreuseghem (57), confirming the work of Gratia (21), further in-
dicated that the process of fibrinolysis could be retarded by the addition 
of platelets to his test mixture, and also by carrying out his reactions 
at 20 C rather than at 37 c. This -• in addition to the inhibiting ef-
fect of plasma albumin and globulin as indicated preViously. 
Using an alcoholic precipitation technic as a means of increasing 
the perceutage of fibrinolytic strains, Madison (35) noted that in titrat-
ing bacterial fibrinolyains, the titer could be increased twenty times 
that of the original broth culture as deiiiOJlStrated by the serum-tree fi-
brinogen clot method of Tillett and Garner (55). Using 24-hour broth cul-
:s. 
tures (primarily ot Streptococcus hemolyticus) in a volume of 20 ml (un-
filtered), he precipitated the material with 60 ml of cold 95 percent 
ethanol, refrigerated the llll.xture tor 1 hour • centrifuged, and resuspended 
the precipitate in 1 ml of' saline butter. Retitration by this 20-told en-
zyme concentration technic raised the percentage of' recognizeable fibrino-
lytic strains to 25 to 35 percent. 
Madison (36) found that 71 percent of' strains of staphylococci iao-
lated trom superficial human lesions (acne, boils, nasal sinus • etc.) ware 
without demonstrable fibrinolytic activity even attar the ensyme concentra-
tion technic; while 90 percent of those isolated tram internal lesions 
(septicellll.a, osteomyelitis, empyellll.a, cellulitis, etc.) -re fibrinolytic. 
He wnt further in attempting to assign lytic units as an index to the ac-
tivity of a given strain, using aerial dilutions of' broth cultures and e-
ploying a serum-tree human fibrinogen-thrombin oomplex with the SIUIIII tech-
nic as that utilized by Tillett and Garner (55) with streptococci. The 
highest serial dilution liquefying the resulting fibrin clot at the end 
of' two hours was assumed to contain 1 lytic unit. Cultures giving no lysiB 
were retitrated by the 10-f'old ensyme concentration method. Mldiaon also 
found that sera containing streptococcal antifibrinolysin did not neutral-
ize the staphylofibrinolyain. 
Fisher (13, 14) showed that the lysis of plasma clots was not a 
particular characteristic of either sta.phylococci or streptococci ( as stated 
by Tillett and Garner). He found that the reaction occurred equally well 
at 20 C or at 37 c, and tha.t the majority of staphylococci (19 of 26 strains) 
ahond no fibrinolytic properties toward plasa clots. Those tha.t did, did 
so oonaistently. His technic of aua;r was essentially tha.t of Tillett and 
Garner (streptococci) using 1 ml of a la5 dilution of plasma llll.xed with 0.5 
4. 
llll of culture, and clotted with the aid of calcium ion. The .fibrinolytic 
activity of sterile .tiltratea -s so di.ld.Dished as to appear to be in-
separable trCIIII. the living orgaDiam. Studies using .fibrinogen clots ahcnr 
a tendency toward spontaneous lyaia and are therefore difficult to e'ftlu-
ate, but 801118 of the beat plaama-coagulating atraina show no activit,- to-
warcl .fibrinogen, which 1r011ld indicate either the presence of a01118 factor 
not found in .fibrinogen but found in plasma which aids coagulation, or 
that theae atrains diaaolva the .fibrinogen before they clot ito Also, 
acme .fibrinolytic culture• oan break up or destroy .fibrinogen prior to 
coagulation. Staph,-loooooi showing .tibrinolyaiB for either plas- or fi-
brinogen showed coagulating properti88, with a greater susceptibility to 
l,.aia on the part of .fibrinogen in contrast to plas-, probably due to the 
l,.ais-inhibiting action of albumin and globulin in plasma. Fiahar also 
found an increase in .fibrinolytic activity with alcoholic precipitates re-
suspendecl in aall volumes of saline solution using Berkefeld (V and B) 
.filtrates as a source of l,.aino 
li!Ldiaon and Dart (37) found that apprmd.mately 90 percent of all 
atraina isolated tram superficial human infections and all strains isolated 
tram veterinary lesiona nre non-lytioo Those showing de.tiDi te lytic aation 
demonatrated a distinct species apeci.ticit,-. 
Neter (4.2), investigating the procluotion of .tibrinol,-sin.!,! ~· 
f'ound .tibrinolyains in two patients with hemolytic Staphyloooccu aureu 
pericarditis and peritonitis. Ilia teohDic involnd the centrifugation of 
exudates and assay of the supernatant according to the 1111thod of Tillett 
and Garuer (65). 
!Jeter ( 4.3), examiDing the .ti brinolytic, anti-coagulating, and plasma-
6. 
clotting properties of staphylococci, concluded that the fibrinolytic and 
anti-coagulating properties may be simultaneously present or absent depend-
ing on the medium or technic, with the streptococcal fibrinolysin acting 
more rapidly than the staphylococcal fibrinolysin. Furthermore, staphylo-
coccal fibrinolysin may be presumed to be antigenic since it is neutralized 
by staphylococcal antiserum, and the staphylococcal lesions in man may be 
due to strains producing these exotoxina. He also indicated that the 
staphylococcal product is antigenically distinct from that elaborated by 
the streptococci. 
Walker (59) postulated that staphylococcal fibrinolysin may be a 
proteolytic enzyme in view of the slow rate of the reaction. In a pre-
liminary report, he further stated that it was heat labile to a greater 
degree than coagulase and preliminary autoclaving reduced its activity to 
zero. Alcoholic precipitation and iso-electric precipitation could not be 
relied upon to separate the coagulase from the fibrinolysin, but the fact 
that 0.1 to 0.2 percent sodium fluoride solution completely excluded the 
fibrinolytic phenomenon while the coagulase activity remained uninhibited, 
would seem to indicate that these were quite separate processes. 
Tillett (54), investigating the fibrinolytic activity of hemolytic 
streptococci, stated that 
• ••••• the slow liquefying action of staphylococci on fibrin, 
although constituting an example of bacterial fibrinolysis, 
differs in many respects from the rapid fibrin-dissolving 
effect of hemolytic streptococci ••••• n 
Christie and Wilson (9), indicating that the technic of Tillett and 
Garner was unsuited for staphylococcal lysin assay due to the slow rate of 
the reaction, incorporated precipitated fibrinogen into a nutrient agar 
medium. The culture medium was heated and then cooled to 50 C, 12 percent 
G. 
sterile oxalated plasma was added, and the mixture was heated to 56 C for 
10 to 15 minutes to precipitate the fibrinogen. A fibrinolytic strain 
was determined by the presence of a zone of clearing surrounding the 
colony. Once again, a close relationship was _found to exist between coagu-
lase positive strains, fibrinolytic activity, and pathogenicity, while none 
of the coagulase negative strains caused clearing of the fibrinogen-agar 
medium. 
A similar procedure was attempted by Chapman (3) who incorporated 
plasma into a beef extract-peptone agar medium. He too noted an agreement 
between lytic and coagulating powers and found that lysis was never ob-
served in cultures that did not clot plasma. 
Due to the close relatconship, as far as incidence is concerned, 
between the coagulating and lytic phenanena, it is interesting that Neter 
(44), in examining the effects of various dilutions of zephiran chloride 
on the coagulating (staphylococcal) and lytic (streptococcal) processes, 
intimated that the inhibitory effect of the compound was not directed a-
gainst the mechanism of clot formation and therefore by exclusion, the 
action appeared to be upon the staphylococcal culture or staphylocoagu-
lase. 
Fisk and Hordvin (15) reported that proteolytic (caseinolytic) 
zones were occasionally observed on a skim-milk agar medium. This phe-
nomenon showed a marked increase when the medium was enriched with serum. 
Results of comparative tests showed that the ability of staphylococci to 
produce fibrinolysis and caseinolysis is similar to their coagulase ac-
tivity. 
Smith and Hale (51) reported that coagulation and fibrinolysis 
7. 
show different temperature optima, and further that the disappearance of the 
formed clot was always associated with the production of acid when living 
staphylococci had been employed. 
Woods and Parkin (61), utilizing a nutrient agar-20 percent plasma 
culture medium, assayed lytic activity of strains of staphylococci and noted 
zones of opacity surrounding the colonies. They observed that these or-
ganisms can coagulate plasma or fibrinogen, cause lysis of heat precipitated 
fibrinogen, or alter it so that the fibrinogen is no longer precipitable 
with acetic acid. Since coagulase negative strains could cause the lytic 
reaction, they postulated the possibility of two agents responsible for 
these reactions. In addition, it was not certain whether the lytic phe-
nomenon was due to the same agent responsible for the coagulating action 
but in a differing degree, or whether different agents were operating. 
Reilly (47), confirming the findings of Walker (59), noted the effect 
of sodium fluoride as an inhibiting agent on the lysin phenomenon without 
affecting the coagulase properties of staphylococci. This appears to con-
firm the separability of the two phenomena. 
Gerheim et al. (20) obtained evidence indicating that coagulation 
and lysis are separable phenomena. Also, they propose the term staphylo-
kinase to designate the action of the bacterial product in the fibrinolytic 
process, since an activator of plasma protease (plasmin) was involved. Ger-
heim, Ferguson, and Travis (19) found that using bovine plasma fraction I 
(Armour) which lacks the precursor (tryptogen or plasminogen) of the fibrino-
lytic protease, no clot lysis was obtained. However, utilizing human plasma 
fraction I, previously shown to contain plasminogen, fibrinolysis occurred. 
Therefore, there appears to be a similarity in action of the staphylococcal 
s. 
product and that elaborated by streptoeooci though the latter is more marked 
in its aoti on. 
Lack (29) also suggests the designation of the bacterial toxin as 
"staphylokinase" for conformity with streptokinase, regardless of any prior-
ity. The use of this terminology is opposite to that of Kleinschmidt (27 ). 
Lack further observed the absence of lysis of human plasma clots when 
plasminogen had been inactivated by heating at 60 C for 30 minutes or by 
the use of soybean trypsin inhibitor, even with the use of sterile potent 
staphylococcal fibrinolytic substance. 
Lewis and Ferguson (31), upon the injection of staphylo!dnase into 
a dog intravenously, noted the appearance of active serum lysin (plasmin) 
accompanied by a decrease in prolysin (plasminogen) and antilysin (inhibi-
tor). Blood became incoagulable presumably due to the lysis of circula-
ting fibrinogen. 
Lewis, Ferguson, and Jackson (33), in attempting to standardize the 
terminology involved with the staphylococcal product and the plasma fac-
tors, set down the following nomenclature• lysin or fibrinolysin (tryptase 
or plasmin) as the active proteolytic (fibrinolytic) enzyme; antilysin or 
antifibrinolysin (antitryptase or antiplasmin) as the inhibitor of lysin; 
prolysin or profibrinolysin (tryptogen or plasminogen) as the inactive pre-
cursor of lysin; lysokinase or tryptokinase as any activator of prolysin 
(e.g. streptokinase, staphylokinase, fibrinokinase); and antilysokinase or 
antitryptokinase as the inhibitor of lysokinase (e.g. antistreptokinase). 
This nomenclature is essentially in agreement with that proposed by Loomis, 
C•orge, and Ryder (34) in their work on streptococcal fibrinolysin. 
Lewis and Ferguson (32), investigating the inhibition of fibrino-
lysis, observed that serum antifibrinolysins differed tram purified trypsin 
inhibitors derived from soybean, navy bean, and pancreas, in their action 
on fibrinolysin. Serum inhibitors required a period of time for maxilllll.l 
action, wbille purified inhibitors acted iiiiiiiSdiately and in low concentra-
tions. No eVidence could be obtained to suggest that the products of fi-
brinolysis were inhibitory to f:l.brinolyain. 
Therefore, it would appear that the mode of action of staphyloldnase 
exhibits a marked parallelism with that of streptokinase, the latter having 
been investigated much more extensively than the former probably due to the 
rapid rate of reaction of the streptococcal product. To demonstrate the 
similarity that exists between the two bacterial products, lllll.jor contribu-
tions which have indicated the activating nature of the streptococcal pro-
duct began with the inTestigatiODS of Tillett and Garner {55). They 
tenDed the active agent • found in the filtrates of hemolytic streptococci, 
f:l. brinolysin, and showsd the neutralhati on of this f:l. brinolysin by illlllllllle 
serum. FUrther research indicated that the streptococcal fibrinolytic sub-
stance showed no demonstrable hydrolytic action on either casein or gela-
tin, and only slight effect on the fibrin of animal species (16). 
Milstone (40) described an accessory plasma component necessary fer 
streptococcal fibrinolysis, and termed this component the lytic factor. 
This lytic factor was associated with the euglobulin traction of norlllll.l 
hUIIIIl.l1 serum and was prepared by precipitation with acetic acid. 
Kaplan (24) reported that the lytic factor of Milstone and the 
globulin substance may both be activated by orgallic solTSnts (e.g. chloro-
form) to yield a true proteolytic enzyme. This same activation reaction 
occurred almost simultaneously in the presence of streptococcal fibrino-
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lysin. The f'unotion, therefore, of the fibrinolysin was the conversion of 
the lytic factor from an iDSrt precursor to the active protease and could 
be termed a kinase. 
That fibrinolysin alone had no demonstrable proteolytic activity 
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and that the lysis of fibrin depended on two components was shown by Christen-
sen (5). He designated the proenzyme found in all human sere. e.s plasmino-
gen, and the activator elaborated by many strains of streptococci as strepto-
kinase. The streptokinase acts catalytically with the plasminogen to form 
an active proteolytic enzyme called plasmin, 'llbi.ch digests fibrin and 
other proteins. 
Christensen and MacLeod (8) obtained data which indicated that the 
serum protease activated by chloroform and that activated by fibrinolysin 
(streptokinase) were one and the same enzyme • differing only in their mode 
of activation. Treatment of serum or plasma with chloroform apparently 
resulted in the removal of serum inhibitor which allowed autocatalytic acti-
vation of the serum protease. 
Inhibition of fibrinolysh was shown by Kaplan (25, 26) to be due 
to the presence of either antifibrinolysins or antiprotease in human serum. 
The former (antistreptokinase), a true antibody induced by infection with 
hemolytic streptococci containing sufficient streptokinase, combiDSd rapid-
ly and specifically with streptokinase without affecting the activity of 
the lytic factor or the serum protease. Anti protease, however, prevented 
streptococcal lysis by inhibiting the protease system. 
lllllllSdiately following treatment with chloroform, Christensen (6) 
found the inhibitor concentration of serum dropped to less than ten percent 
of the original value. Total protease activity also decreased probably due 
to denaturation of a portion of the enzyme. 
Downie and Cliffton (11) described a method for the assay of serum 
proteolytic activity using protamine sulphate as well as streptokinase, 
and found the activation by the former to be definite though not as marked 
as the latter. 
In sUIIIIIIIU"y therefore, it would appear that the fi brinolysins pro-
duced by both the streptococci and the staphylococci are similar in action 
in that both effect the lysis of a fibrin clot by the activation of a pro-
enzyme, plasminogen, to an active proteolytic enzyme, plasmin. However, 
major differences are noted in the rate of the reaction and in antigenic 
structure. 
In this investigation, the following terminology will be used to 
designate the components of the lytic reaction1 lysin (fibrinolysin) or 
plasmin, the active enzyme responsible for the dissolution of the fibrin 
olot1 prolysin or plasminogen, the inactive precursor of the above; and 
finally, staphylokinase, the bacterial product which catalyzes the trans-
formation of prolysin or plasminogen to the active proteolytic enzyme. 
12. 
B.A.CTERIOLOGJ:C.AL T.I!X:BmCS 
Selection of Strains 
Strains of Staphylococcus aureus were selected on the basis of 
three major characteristics which are cormnonly associated with pathogeni-
city; coagulase production, since the literature repeatedly indicated the 
close relationship between coagulase production and fibrinolytic activity; 
hemolytic characteristics, since this phenomenon too, is closely related 
to pathogenicity; and finally, pigment production. The intimate relation-
ship between these criteria and the pathogenicity of the organism has been 
cited qy Aoi (1), Madison (36, 37), Fisher (13, 14), Saski and Fejgin (50), 
Neter (43), Cruickshank (10), and Christie and Wilson (9). 
Seven strains from a variety of surgical wounds were obtained from 
the laboratories of the Massachusetts Memorial Hospitals, two strains from 
the Department of Microbiology, Boston University School of Medicine, a 
strain designated as "282" from Dr. J. E. Blair of the Hospital for Joint 
Diseases, New York, and a strain from Dr. E. B. Gerheim of the University 
of North Carolina Medical School. All of these strains exhibited vary-
ing degrees of hemolytic activity, coagulase production, and pigment pro-
duction. Comparative studies of these strains showed fibrinolysis in all 
that were examined; hOYAlver, the strain obtained from Dr. E. B. Gerheim 
appeared to be the most actively fibrinolytic. 
13. 
The straina under investigation were maintained as stock cultures 
on blood agar slants at refrigerator temperature. For preliminary kinase 
screening, subcultures were -de into flasks contailling the culture medium, 
and were incubated for 48 hours. In determilling fibrinolytic activity, 
sufficient -terial was removed from the flask containing the organisms, 
and centrifuged to obtain the clear supernate presumed to contain the ac-
tive enzyme. This method was the basis for classifying a particular strain 
as far as a preliminary kinase index was cancerned. Because of the slow 
rate of the reaction encountered during· the initial phase of the investiga-
tion, incubation of the test mixture for from 24· to 48 ·hours was required 
for the observation of any clot lysis. 
Culture Medium 
The selection of a suitable culture medium for the propagation of 
a sufficiently powerful lytic strain of Staphylococcus aureus presented no 
particular problem other than the desire to employ a medium most conducive 
to the production of kinase. Examination of the literature indicated 
thatworkers obtained a variety of results depending upon the temperature of 
incubation, volumes of media used, pH, and the inclusion of many accessory 
nutrient -terials. However, much of the -terial on the fibrinolytic pro-
cess seems more concerned Tdth the technic of assay and purification than 
with the technic of bacterial cultivation. 
c:ne of the original publications dealing with fibrinolysis by 
staphylococci (Rietsch, 48) merely mentiOilS the use of a peptone culture. 
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Aoi (1) made use ot a carmine or congo red fibrin 1118dium, esti11111.ting poai-
tin fibrinolysis by the liberation ot this dye in the medium. In their 
work with hemolytic streptococci, Tillett and Garner (55) employed a sodium 
chloride-1118at intusian broth, pH 7.6 • cOD:taining o.os percent ot dextrose 
and 1 percent ot unbuttered peptone. In the enzyme concentration method tor 
the titration ot bacterial fibrinolysin&, .Madison (35) utilized a veal in-
fusion broth as a standard culture 1118dium. 1li thout making any particular modi-
fications tor the subsequent alcoholic precipitations. Yen (62), testing 
streptococcal fibrinolysin, repeated the technic ot Tillett and Clarnsr using 
meat infusion broth at pH 7.6. Neter and Witebsky (45), reporting on the fi-
brinolytic activity ot various microorganisms, employed a base of plain meat 
infusion broth at pH 7.4 but included various concentrations ot glucose (2 
to 0.016 percent) noting that fibrinolytic activity may depend on the glu-
cose concentration as well as the strain used. They further substituted 2 
percent mannite, 2 percent salicin, and a 2 percent lactose tor the glucose 
broth, and indicated that glucose could be replaced by ather carbohydrates. 
In extensiva work on fibrinolytic staphylococci, Fisher (13, 14) 
made no specific msntion of culture medium other than the use ot an 18-hour 
broth culture for his assay of fibrinolytic activity. 
Neter and Witebsky (46) reaffirmed their use of glucose broth for the 
growth of hemolytic streptococci. These same authors (46) used a Oo06 per-
cent and a 2 percent glucose broth in examining the various fibrinolysin& 
produced by streptococci. Mldison and Snow (38), testing the effects of sur-
gical antiseptics an atreptofibrinolysin0 employed a similar dextrose-veal 
intusion broth. As indicated previously • Christie and Wilson (9) incorporated 
sterile oxalated plasma into their culture msdium (nutrient agar) and heated 
the mixture to precipitate the fibrinogen. Areas of clearing surrounding 
the colonies were indice.ti ve of fibrinolytic activity. A simile.r procedure 
was employed by Chapman (3). As mentioned above, Fisk and tlordvin (15) 
noted an increase in caseinolytic activity when the culture medium was en-
riched with serum. For streptococcal fibrinolysis, Christensen (5) 
mentions a rather complex medium containing neo-peptone, cystine, phenol 
red and alcohol, mono-potassium phosphate at pH 7,6, and a variety of 
accessory ingredients. This 1118dium was further modified by Reilly (47) 
who incorporated yeast extract and adjusted to pH 7,5 - 7,8, Gorhei~, 
Ferguson, and Travis (18) mention merely the use of a broth filtrate for 
lysin assay. Blair (2), in a personal communication, recommended the use 
of Brain Heart Infusion (Difco) broth as a convenient medium for kinase 
production, 
In this investigation, preliminary cultivation was made using 
Reilly's modifieation (47) of Christensen's medium (5). The medium con-
tains neo-peptone (Difco), 4 percent; yeast extract (Difoo), 0.3 percent; 
sodium chloride, 0,5 pereent; and the medium adjusted to pH 7.8. One of 
the more prominent difficulties associated with the use of this medium was 
the turbidity encountered upon dissolving the ingredients and after auto-
claving, whieh rendered difficult the determination of growth, ifany pro-
cedures were attempted in order to obtain a elear medium, including fil-
tration prior to and following sterilization at 15 pounds pressure for 
30 minutes. A eomparati vely clear medium was finally obtained by means of 
Seitz filtration. 
Because of the difficulties encountered ~~th the neo-peptone sub-
strate, other media were employed ineluding brain heart infusion broth 
(Difeo), tryptic digest broth, and casa.mino acids-yeast extract broth. 
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This last medium contains casamino acids (Difco), 1.5 percent; yeast ex-
tract (Difco), 0.6 percent; and the medium is adjusted to pH 7.8. 
The culture medium finally selected for the production of staphylo-
kinase on the basis of comparative studies was a casamino acids-yeast ex-
tract dialysate broth, because it was capable of supporting growth of the 
organism and kinase production, and adjustment of the medium to as low as 
pH 2.0 produced no precipitate which could interfere with the staphylo-
k:inase assay. This medium is prepared by dissolving 25 grams of yeast ex-
tract (Difco) in 60 ml distilled water. This solution is dialyzed against 
1 liter of distilled water for 48 hours at refrigerator temperature. The 
dialysate is collected and passed through a Berkefeld filter. Sufficient 
chloroform is added to cover the bottom of the container. For use, 200 
ml of the dialysate is added to 800 ml of oasamino acids (Difco) solution 
(containing 15 grams per liter), the medium is adjusted to pH 7.8, and 
autoclaved at 10 pounds pressure for 20 minutes. 
Bacterial Growth 
Prior to autoclaving, the dialysate medium was dispensed in lOO..ml 
portions in 250-ml Erlenmeyer flasks. The volume relationships utilized 
were in keeping with the findings of Aoi (1) who observed that the larger 
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the surface area, the more rapid the kinase production. For beginning growth 
of the orge.nism, two to four daily transplants from the stock culture for 
adaptation of the strain to the medium were made, and 1.0 ml of a rapidly 
growing (18- to 24-hour) culture was inoculated into 100 ml of the dialy-
sate medium. A 48-hour period of incubation at 37 C was required to pro-
duce preparatiCDB With maximum activity. 
Filtration 
After the 48-hour incubation period, the culture was centrifuged 
in the cold at 4,000 r.p.m. for from 15 to 30 minutes, and the clear super-
nate of several flasks pooled. This kinase-containing solution was passed 
through a Berkefeld filter, and the clear filtrate used as a source of en-
zyme for further concentration. It should be noted, however, that staphylo-
kinase was at one time thought to be closely bound to the living cell of the 
organism. This was indicated by Kleinschmidt (27), and later denied by 
von Gonzanbach and Uemura (68) who found that heat killed cultures were 
still active. Tillett and Garner (55) employed Seitz and Chamberland as 
well as Berkefeld filters in their work on hemolytic streptococci. :Mil.dison 
(36) observed that 75 percent of the fibrinolysin in a 24-hour culture was 
lost by filtration, and therefore used unfiltered broth cultures for his 
enzyme concentration method of titration. Aoi (1), Doudoroff (12), Yen (62), 
Fisher (13, 14), Christensen (4), Gerheim, et al. (18), and Reilly (47), as 
well as other numerous investigators, all mention the use of staphylococcal 
(or streptococcal) filtrates in their respective work indicating Berkefeld, 
Chamberland, or Seitz filters. 
In a preliminary investigation, Seitz and Berkefeld filtrates were 
compared for fibrinolytic activity. The Seitz filtrate exhibited a pro-
nounced reduction in activity while the Berkefeld filtrate could be adequate-
ly assayed. Because of this, the latter method of filtration was routinely 
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employed to insure the potency of the preparation and for storage in the 
refrigerator. 
19. 
CHAP T B R III 
-------
STAPHYLOOBASE ASSAY 
Method of .Uaay 
l6llch of the work with regard to the actual determimtion of fibrino-
lytic acthi t;y on the part of staphylococci has been based upon the technics 
of Tillett and Garner (56). It has been repeatedly obsernd that staphylo-
cocci dissol-.e fibrin clots more sl-ly than do streptococci. As a result, 
the usual "lytic Ullit• is inoonve:aiently large. Hcnrever, using alooholio 
and/or iso-eleotric p~ecipitates contai:aing the kiD&se and plallllinogen pre-
parations, results sCIIIIIIwhat campe.rable with streptococcal aotiVit;y have been 
obtained. 
The technic of Tillett and Garner involves the use of 1 ml of a 1:6 
dilution of oxalated plalllliL mixed with 0.6 ml of the kiD&se-contai:aing solu-
tion which is olotted with either oaloium or thrombin. Other than the pro-
cedures of Aoi (l) using a carmine or congo-red fibrin in the 11111dium, and 
Christie and Wilson (9), and Chapman (3) using preoipi tated fibrinogen agar, 
11111.n;y investigat!H-a ha-.e accepted the above technic as adequate for determin-
ing the :t':l.brinolytic actiVity of staphylococci. Downie and Cliftton (ll) de-
scribe a 11111thod of determi:aing plasmin actiVity on casein and measuring the 
liberated tyrosine colorimetrioally. 
In the i:aitial phases of this research, staphylokinase assays -re 
carried out using 0.2 ml o:z:alated plasma (human), plus o.s ml sterile salt 
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solution (0.85 percent) ml.xed with 0.6 ml of the broth culture, culture 
supernate, sterile filtrate, or concentrate. 
To obtain plasma for these tests, 2 percent potassium oxalate was 
dispensed in 1-ml quanti ties in teat-tubes • and heated to dryness in a 
hot air onn. These tubes were able to receive from 10 to 12 ml of blood 
obtained by nni-puncture. After adequate mixing with the dried oxalate, 
and centrifugiDg, the plasma was withdrawn in the conventiOJ:IIll fashion. 
Since the coagulase-producing properties of the orgallisu under in-
vestiga.tion were relied upon to clot the plasna, a wide range of coagula-
tion times was obaernd. In addition, the difficulty encountered in dis-
ti~~guishing between completed coagulation and beginning lysis led to the 
incorporation of some clotting agent such as calcium ion or thrombin in 
the test ml.xture. It soon became apparent that there was also a need for 
designating the degrees of lysis of a fibrin clot in order to classifY the 
potency of a preparation under investigation. The various stages of clot 
lysis were designated in the following laiU18ra 
t. Denotes partial lysis, i.e. a aUght loosening of the clot pos-
sibly due to clot retraction. 
I Denotes distinct though slight degree of lysis best described 
by the term, "sliding clot". 
II Denotes clot digestion with approximately half the material in 
the test-tube being fluid. 
Ill Denotes almost complete dinolution of the clot with the excep-
tion of a barely visible coagulum (size of a small pea). 
lllf. Denotes complete lysis with no reDIIIAJ1ts of the clot remaining. 
With the production of solutions containing potent kinase, and with 
the use of plasml.nogen preparations, thil last designation was selected as 
the moat accurate means of measuremeDto 
In attempting to render CQII!plete coagulation of the test mixture 
so that the tube could be inverted without the loss of material. and to do 
so in the shortest possible time. preliminary trials were made with 0.25 
ml of a Oo26 percent solution of calcium chloride. This method 1111.s used 
by Gratia (21). Tillett and Garner (65). Hadfield. et al. (22). Tillett (53). 
Neter and Witebsky (45). Fisher (13. 14). and Neter (43). Results with the 
calcium chloride solution as the clotting agent showed variable clotting 
times with .the same strain of organism even a.t'ter similar periods of incuba-
tion. 
Consequently. with the variable time !'actor involved in the clotting 
reaction. the use of calcium ion 1111.1 replaced by the use of' bovine thrombin 
(Parke-Davis). 500 National Institute of' Health units per mlo One N.I.H. 
unit is defined as that amount of' thrombin required to clot 1 ml of' standar-
dized fibrinogen solution in 15 seconds. Approxi-.tely 2 units are required 
to clot 1 ml of oxalated plas-. in the same period of' time. In order to e-
liml.nate the necessity of' a dilution factor. the thrombin solution (1 - 3 
drops) 1111.s dispensed by means of' a syringe 'llith a 26 gauge needle. This pro-
duced CQII!plete (4 f) coagulation in less than one minute and is the procedure 
of choice. 
In slllliiDIU"izing the inf'or..tion derived from repeated assays. and as 
the basic procedure for titrations. the following represented the test ml.x-
ture of' choice for determining fibrinolytic activity: 
a. Plasma - 0.2 ml derived from freshly drawn blood llith potassium 
oxalate as the anti-coagulant. 
b. Saline - 0.8 ml of' 0.85 percent sodium ehloride. which when mixed 
nth the quantity of plasma indicated. yields a dilution 
of' lt5o 
c. Staphylokinase - Oo5 ml of' the broth supernate (or coneentrate) 
containing the aetivating ensyme mixed with the 
above ingredients. 
d. Thrombin - 1 to 3 drops of bovine thrombin (Parke-Davis), 500 
N.I.H. units per ml to clot the mixture. 
The test mixtures were incubated in a 37 C water bath and observed at inter-
vals for lysis. 
One of the outstanding characteristics with regard to kinase produc-
tion is the variability that exists within a given strain, since repeated 
assays have shown that enzyme production is a property of the ort~nism sub-
ject to a variety of cultural modifications. Therefore, in attempting to 
assay a given strain for fibrinolytic activity, the degree of lysis depended 
not only on the strain involved, but on such features as medium, time of 
assay, reagents involved, and whether a crude filtrate or a concentrate was 
under investigation. 
Standardizat;_on of Potency 
After determining the presence of fibrinolytic activity in a given 
fi 1 trate, it was deelll9d ad vi sable to quantitatively assay the potency of 
the preparation. 1'his was accomplished by the use of serial dilutions of 
the crude filtrate (or concentrate). Garner and 'Tillett (16) utilized 
this technic in the biochemical studies of streptococcal fibrinolysis; 
Doudoroff (lZ), l!adison (36), and others mention technics of titrating fi-
brinolytic activity. 
Due to the variable potency of a given volume of kinase-containing 
material, arbitrary definition of~~ of kinase was made in the fol-
lowing manner: that preparation (or the highest dilution) of' material 
showing complete (4 f) dissolution of the coagulum within three to five 
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hours of iDCubation at 37 C. The poteDCy of the original preparation could 
then be calculated. 
The procedure for serial dilutions involved the use of physiological 
saline solution as the diluting agent to give a final volume of 0.5 mlo To 
this was added 1.0 ml of a 1:5 dilution of plasma, and the mixture clotted 
with thrombin. In a typical assay, concentrations ranged from 0 to 1:2, 
1:4, 1:8, 1:16, 1:32, etc. As a result of the inability to obtain a crude 
filtrate containing one unit of kinase activity per ml, which was the case 
after a multiplicity of titrations, it was deemed necessary to employ con-
centrates of filtrates and concentrated plasminogen preparations. 
Preparation of Plasminogen 
Because of the variability of kinase-activity values obtained even 
with the use of coDCentrates of bacterial filtrates, and the inability to 
duplicate results, it did not appear likely that such great variation could 
be entirely attributed to the production of kinase by the organism, but 
possibly due to the variation of the lysin factor (plasminogen) found in 
plasma. As indicated by Kaplan (26, 26) and Swift (52) in the case of 
streptococcal fibrinolysin, the digestion of the fibrin clot may be inhibited 
by: (1) the preseDCe of antistreptokiuaee, a true antibody; (2) the occurrence 
of an antiprotease not related to a specific antibody; and (3) a deficiency 
in the blood of the proenzyme, plasminogen. 
It seemed rather obvious, therefore, that not only should a cCDCen-
tration technic be employed for the assay, but that a constant and uniform 
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souroe of plasminogen be u:tilized in the test mixture replacing whole plasma 
from various donora. This was attempted ueing dried pla8lllll (outdated) ob-
tained from the Biological Laboratories of the Jlil.ssachusetts State Depart-
ment of Public Health. For uee, a 7 percent solution in distilled water 
was prepared. Upon the addition of the thrombin, however, complete coagu-
lation of the mixture was not obtained and difficulty in determining begin-
ning lysis was encountered. 
Various plasminogen preparations have been utilized in attemptiDg to 
effect rapid fibrinolytic acthity, both for the staphylococcal as 11'8ll as 
the streptococcal product. ll!.lstone (40) describes the preparation of the 
lytic ta.otor ( plasminogen) by precipitation of human serum with acetic acid. 
The comparable activity of the lytic factor of Milstone and the globulin 
eubstance in serum when activated by organic solvents was noted by Kaplan 
(24). Gerheim, et al. (20) made uee of huma.n pla8lllll fraction I as the souroe 
of plasminogen. Additional souroea utilized for the proenz,_, included a.n 
acetic acid precipitate of serum by Downie a.nd Cliffton (ll) a.nd human plasma 
fraction ni-3 by Lewie and Ferguson (32). 
For thie inveetigation, the procedure described by Lellis (30) -s 
followed (with minor modi:ficatione) for the preparation of plasminogen. 
Dog blood -s collected in l/10 the volume of 0.1 l4 sodium oxalate. This 
was centrifuged in the cold, a.nd the plasma clotted by the addition of 0.02 
ml of 1 l4 calcium chloride per ml of plasma. This -s performed in flaska 
conta.iniDg short glass rods and placed in a shaking machine for 1 hour. The 
serum -• :filtered through glau wool a.nd ml.xed llith cold saturated a:mmonium 
eulphate solu:tion to-ke a :final mixture 33 percent saturated 'With the 
(:m
4 
)
2
s '\• This was placed in the cold for l hour • a.nd centrifuged in the 
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cold for 15 minutes at 3,000 r.p.m. The precipitate was redissolved in a 
minimal amount of cold distilled water and dialysed overnight against cold 
(4 C) running tap water. The precipitate was collected by centrifugation 
in the cold for 15 minutes at 3,000 r.p.m., and made up in 1/15 E saline 
phosphate buffer at pH 7.4 to 1/5 the original oxalated serum volume. To 
obtain a clear solution, the final preparation was centrifuged for 10 min-
utes at 2500 r.p.m., and the clear supernate used as the plasminogen solu-
tion for titrating kinase activity. For the purpose of maintaining an ade-
quate source of' the proenzyme, the final solution was shell frozen and 
lyophilized, and the dry powder stored in the deep-freeze. For use, the 
dry powder was dissolved in 1/5 the oxalated serum volume of distilled 
water, and .up to 7 days was found to be effective in the kinase assay. 
In assaying the fibrinolytic activity with the plasminogen solution, a 
new test mixture was utilized as indicated below: 
a. Staphylokinase - 0.5 ml of serial dilutions of the alcoholic 
and/or iso-electric precipitate resuspended 
in 1/10 the original volume of saline-phosphate 
buffer at pH 7.4. 
b. Buffer - 0.6 ml saline-phosphate buffer at pH 7.4. 
c. Fibrinogen - 0.2 ml of a 1 percent solution of bovine fibrinogen 
(Armour, fraction I). 
d. Plasminogen - 0.2 ml of the solution prepared as indicated above. 
e. Thrombin - 1 to 3 drops of bovine thrombin (Parke-Davis) contain-
ing 500 N.I.H. units per ml. 
The ingredients were mixed in the order indicated and then placed 
in a 37 C water bath. Readings of varying degrees of lysis were made at 
definite intervals. 
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Modified Standard of Potency 
W1th the use of plasminogen solutions and staphylococcal concen-
trates, the reaction rate was greatly accelerated so that the provisional 
unit of potency employed hitherto. proved much too small. Therefore, new 
units were designated which were ln keeping with those set down by Christen-
sen (7) regarding streptococcal activity. The unit of staphylokinase ac-
tivity is defined as the highest dilution of kinase which would effect the 
lysis of a standard fibrin clot within 30 minutes at 37 c. The potency of 
the original preparation could then be calculated. 
In order to compare the various filtrates under investigation, it 
seemed feasible to identify the potency of the plasminogen preparations 
being used. This was done by serial dilutions of plasminogen in 0.2 ml 
quantities to which were added the standard volumes of buffer, fibrinogen, 
and concentrated kinase solution. The mixture was clotted with thrombin 
and incubated in the 37 C water bath for 30 minutes. The potency of the 
plasminogen was designated by indicating the highest dilution showing com-
plete lysis within 30 minutes. For example, the potency of a plasminogen 
solution designated as 8 X indicates complete lysis of the test mixture 
containin~ a ls8 dilution of plasminogen in the presence of an excess of 
staphylokinase (concentrate). 
To compare the relative potency of the partially purif1ed kinase 
preparations obtained by concentration, with the crude filtrate, the test 
mixtures were allowed to incubate for 1 hour. This was required since the 
30 minute time limit was inadequate for the demonstration of clot lysis by 
the crude filtrate, though lysis by means of the activity of the concentrates 
could be observed within from 10 to 15 minutes. 
Controls 
The necessity for controls in all staphylokinase assays was particu-
larly important because of the possibility of non-specific activation of 
plasminogen to plasmin whether plasma or plasminogen preparations were used. 
The possibility of spontaneous lysis of the standard fibrinogen solutions 
used as a source of fibrin. ~lso indicated the need for extensive controls. 
Because of this, two series of controls were required for all runs: (l) test 
mixtures containing sterile medium or alcoholic precipitates of sterile 
medium in place of the kinase solution, and (2) test mixtures containing 
buffer in place of the plasma, plasminogen solution, or the plasma fractions 
being investigated. In this way, data could be obtained as to the presence 
of pre-activated plasminogen in the test, the stability of the fibrinogen 
solution, and the presence of any material in the concentrate which in itself 
could lyse the clot. 
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CONCENTRATION T£CH1'UCS AND RESULTS 
!so-electric and Alcoholic Methods 
Examination of the literature with regard to methods of concentrat-
ing bacterial filtrates for increasing the fibrinolytic activity, showed a 
variety of technics. Garner and Tillett (16), using Berkefeld filtrates, 
employed concentration under reduced pressure to yield a five-fold increase 
in lytic activity, precipitation with organic solvents, concentration by 
vacuum dialysis, and specific adsorption and elution. Madison (35) employed 
an alcoholic precipitation technic using the unfiltered broth as did Yen (62). 
Madison (36), Fisher (13, 14), and Walker (59) all mention the use of alco-
holic precipitation technics. These are fundamentally similar in that one 
volume of material to be concentrated is combined with two to three and 
one-half volumes of 95 percent ethanol, and the fine precipitate collected 
by centrifugation. The precipitate is resuspended in one-tenth to one-
fortieth of the original volume of a saline buffer and the material assayed. 
With regard to streptococcal fibrinolysis, Tillett (54) observed that it con-
forms in many characteristics to a protein in that the fibrinolytic activity 
of the concentrated material was destroyed by di~stion with trypsin or 
papain. Christensen (5), working with streptococcal fibrinolysin, purified 
his material by centrifuging the culture, and adjusted the supernate to pH 
4.5 with glacial acetic acid. This was concentrated to l/10 the original 
volume using a vacuum still and the syrupy concentrate saturated ldth 
&.mmoni\llll sulphate. The precipitate thus formed was resuspended in a saline 
buffer at pH 7.4 and an alcoholic precipitation performed. Gerheim, Fergu-
son, and Travis (18) used a 48-hour broth culture Berkefeld filtrate or 
supernate and mixed ldth three volumes ot 95 percent ethyl alcohol, resus-
pending the precipitate in a citrate-borate buffer at pH 7.55. Reilly (47) 
modified Christensen's technic by eliminating the final alcoholic precipita-
tion. Oerheim. Ferguson, and Travis (19) and Lewis (30) also employed al-
coholic precipitation procedures. 
In this investigation, the preliminary method of concentration has 
been by means of alcoholic precipitation. ~lthough sterile filtrates have 
been concentrated by shell-freezing in a mixture of dry ice and alcohol 
followed by desiccation tram the frozen state, and then alcoholic precipi-
tation of the dried material (or saturation with solid emmoni\Dil sulphate), 
this method was considered somewhat cumbersome in contrast to the alcoholic 
precipitation procedure or iso-electrio precipitation without the use ot 
alcohol. The sterile filtrate was broaght to 0 C and to each volume of 
broth f'lltrate was added 3 volumes of cold 95 percent ethanol. This mix-
ture was refrigerated overnight. centrifuged, alcohol discarded. and the 
precipitate dried in a desiccator under reduced pressure. For use. the 
dried precipitate -s dissolved in l/10 the original volume of saline phos-
phate buffer at pH 7.4. and this ten-fold concentrate used for the assay. 
The test mixture tor fibrinolytic activity contained 1.0 ml of human plasma 
(l16 dilution) • 0.6 ml of the staphylok:inase preparation. and 1 to 3 drops 
of thrCIIIbin solution aa the clotting agent. 
fitration A 
In determining the pH adjustment of the sterile filtrate at whioh 
III&Ximum fibrinolytic activity could be separated, convenient volames of 
filtrates were adjusted to the desired pH (from 1.0 to 10.0 at half pH inter-
vals) prior to alcoholic precipitation. The pH values were determined by 
the Beckman pH meter and filtrate adjustment was accomplished by concentra-
ted hydrochloric acid and 10 N sodium hydroxide. The reconstituted pre-
cipitate• were readjusted to the pH of the buffer (7.4) if required, and 
assayed as indicated above. It should be noted that for this titration, 
the alcoholic precipitates were stored in the refrigerator prior to the 
fiml ceii:trifugation. Also, plasma was obtainsd frmn six donora at vary-
ing time intervals , and oombinsd 111. th aerial dilutions of the kimse pre-
paration. Coii:trola for this titration were made using alcoholio preoipi-
tates of the sterile medium resuspended in salins-phosphate buffer to l/10 
the original volume, and the medium used at this point was the oasami.no 
acids-yeast extract broth. 
Nitrogen Determinations 
Total nitrogen determinations on the sterile medium, crude fil-
trate, and resuspended precipitate were carried out according to the method 
ot Koch and J.loMaekin {28). A modified digestion mixture containing 1 per-
oeii:t copper mlphate and 1 percent selenium oxychloride in concentrated 
sulphuric acid was employed, precluding the necessity of using any concan-
31. 
trated (30 percent) hydrogen peroxl.de (superoxol). Ozle ml of the prepara-
tion (or suitably diluted so that a clear solution may be obtained after 
Nesslerization) is placed in a 200 X 25 mm teat-tube graduated at 35 ml 
and 50 m.l. To this is added 0.5 ml of the digestion mixture, and the 
material boiled until the color change including reddish-brOIIll to black 
to colorless is observed. The boiling was continued for at least five min-
utes after the solution became colorless. After cooling, distilled water 
is added to the 35 ml mark, 12 m1 of Nessler's solution (accurately pre-
pared) is added llhile gently sllirling the contexrts to obtain UIIiform milt• 
ing, and distilled water is added to the 50 ml mark. The solution is 
mi.Dd by inversion, and after twenty minutes (to allow for color develop. 
ment), readings were made on the Lum.etron colorill18ter 'With a 515 m)"'f'il-
ter using a calibration curve (Graph I )• 
To determine the extent of purification obtained by the alcoholic 
fibrinolytic titer precipitation, the ratios of are calculated. 
:mg of nitrogen 
The follo'Wing data (Table I ) on ki:~U~.se activity, nitrogen coxrtent, 
and purification ratios, were obtained on lQ-fold concexrtrates obtained by 
precipitation with 95 percent ethanol at various pH levels. The sterile 
medium coxrtrols were negative for fibrinolytic activity. Graphs II, III, 
and IV summarize the data obtained. The 1terile medium showed a total ni-
trogen of 1.62 mg/ml; the crude filtrate, 1.6 mg/mlJ and the alcoholic pre-
cipitate of the sterile medium, 0.4 mg/ml. 
Because of the turbidity encouxrtered in resuspending the precipi-
tate in the buffer, the samples wsre cexrtrituged and the superJIII.tant assayed 
for fibrinolytic activity. In all cases, the supernate -• without signif'i• 
cant kinase activity. 
32. 
33. 
1/g Nitrogen in Sample 
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T-UlLE I 
pH Units of Kinase Acti "Vi ty )fg N1 trogen/ml Acti-vity/ 
per ml of Conceutrate of Conceutrate Nitrogen Ratio 
1.0 0 0.4 0 
1.5 4 0.3 13.3 
2.0 8 0.22 36.4 
2.5 8 0.56 14.3 
3.0 8 0.38 21.1 
3.5 8 0.52 15.4 
4.0 8 0.5 16.0 
4.5 8 0.35 22.9 
5.0 8 0.47 17.0 
5.5 8 0.52 15.4 
6.0 8 0.55 14.6 
6.5 4 0.55 7 .. 3 
7.0 8 0.7 11.4 
7.5 4 o.75 5.3 
8.0 8 0.8 10.0 
8.5 4 0.58 s.s 
9.0 8 0.4 20.0 
11.6 2 0.33 6.1 
10.0 4 0.42 9.5 
Titration B 
Due to the var1e.b111ty of the data obtained in Titration A, and 
since it was felt that storage of the e.lcoholic precipitate (without re-
moval of the alcohol) in the re:fl'igerator for lo~~ger than two hours could 
possibly result in a partial denaturation of the active principle (staphylo-
ldnase) • this series of assays was e.ttempted. One crude fi ltre.te was em-
ployed for four pH levels and the last pH of the pre-vious series was dupli-
cated; e.g. pH 1.0, 1.5, 2.0, 2.5, then 2.5, 3.0, 3e5, and 4.0, etc. In 
this way • a comparison of potency of one filtrate with another could be 
established, and at the same time, eliminate the necessity for storage of 
the precipitates. Nitrogen determinations and calculated purification 
ratios were established for this series. 
Carbohydrate Determinations 
Total carbohydrate values of the resuspended precipitates were de-
termined according to the procedure used at the Department of Physical Che-
mistry of Harvard J!,edical School, Bosi;on, !lass. This technic involves the 
use of a 0.1 percent orcinol solution in 67 percent sulphuric acid. To 2 ml 
of the material (or a suitable dilution of the preparation), 5 ml of the 
orcinol reagent is added. The mixtures are placed in a water bath at 80 C 
for 10 minutes and immediately cooled in an ice bath. Standards contain-
ing 0.05, 0.1, and 0.2 mg of glucose per ml are similarly treated. The re-
sultant colors are compared using the Evelyn colorimeter with a 565 m)A-
filter. By this method, the sterile medium contained 3.8 mg/ml; the crude 
filtrate, 3.85 mg/ml; and the alcoholic precipitate of the sterile medium, 
22.7 mg/ml. 
In titration B, the casamino acids-yeast extract broth was the sub-
strate employed, and 1.0 ml of a 1:5 dilution of human plasma was used as 
a source of plasminogen. 
Tables II and III show the results obtained for kinase activity, 
nitrogen content, purification ratios, and total carbohydrate. These 
data are summarized in Graphs V, VI, VII, and VIII. 
38. 
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TABlE II 
pH UDi ts of Kinase Activity Mg Nitrogen/ml 
per m1 of Concentrate of Concentrate 
loO 0 0.26 
1.5 4 0.4 
2.0 4 Oo4 
2.5 3• (4,2) Oo46• (0.47 ,0.44) 
3.0 2 0.48 
3.5 a 0.4 
4.0 3• (2,4) o.52• (0.48,0.55) 
4.5 4 0.64 
5.0 4 Oo69 
5.6 3• (2,4) Oo48• (0.59 ,0.36) 
s.o 2 Oo35 
6.5 2 Oo38 
7.0 3* (4,2) 0.37• (0.3, 0.44) 
7.5 2 Oo33 
8.o 2 Oo35 
8o5 1• (2,0) 0.46• (0.36 ,0.56) 
9.0 0 0.35 
9.5 0 0.35 
lOoO 0 Oo35 
* Represents the average of two separate filtrates 
40. 
TABlE III 
pH Aotivity/t~trogen Ratio Mg Carbohydrate/ml 
?f Concent~~te as Glucose 
1.0 0 21.5 
1.5 10 23.7 
2.0 10 25.7 
2.5 6.6. (8.5, 4.6) 23.4• (23.4, 23.4) 
3.0 4.2 19.0 
3.5 5.0 20.5 
4.0 5.8. (4.2, 7.3) 22oh (22.6. 21.5) 
4.5 6.3 23.4 
5.0 5.8 23.4 
5.5 7.3. (3.4, 11.1) 22.9• (22.2. 23.5) 
6.0 5.7 22:.8 
6.5 5.3 20.0 
7.0 8.95• (13.3, 4.6) 23.2• (18.8. 27.5) 
7.6 6.1 28.5 
8.o 5.7 21.5 
8.5 2.8• (5.s.o) 28.2• (31.8, 24.5) 
9.0 0 17.8 
9.6 0 19.0 
10.0 0 21.7 
• Represents the average of two separate filtrates 
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Titration C 
Since a lack of' uzrl.i'ormity in activity still existed as indicated 
by the data obtained in Titrations A and B, and since this variation could 
not be attributed entirely to the activity of' the organism, but possibly 
due to the varying levels of' plasminogen in the plasmas obtained i'rom dii'-
i'erent individuals. this assay employed plasminogen obtained i'rom dog serum. 
Using a solution of' the proenzyme having a potency of' 2 X, i.e. a 2-i'old 
dilution would sti 11 ei'i'eot clot lysis with an exceas of' kinase, convenient 
vol~s of' sterile filtrate were adjusted to pH levels ranging i'rom 1 
through 8. These were precipitated with 3 volumes of' cold 95 percent ethan-
ol, and the 10-i'old kinase concentrate assayed according to the method pre-
viously described. The i'ollowing table (IV) summarizes the data obtained 
(Graph IX)1 
TABlE IV 
~ Units of Kinase Activity 
per ml of Concentrate 
1.0 0 
2.0 8 
3.0 8 
4.0 8 
s.o 4 
6.0 0 
7.0 0 
e.o 0 
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Titration D 
.A.a a result of the data obtained from Titration C (indicating maxi-
IIIUDildnase separation between pH 2.0 and pH 4.0), additional alcoholic pre-
cipitates were investigated between pH 1.5 and pH 5.0 at half pH intervals. 
Casamino acids-yeast extract broth -s the medium employed, and the plas-
minogen preparation possessed a potency of 4 x. Total nitrogen determina-
tions and activity/nitrogen ratios were calculated. The results of this 
titration are listed in Table V (Ck'apha X, XI, and XII). 
TABlE V 
pH Units of Kinase ,A.cti vi ty Jig N1 trogen/ml Activity/ 
per ml of Concentrate of Concentrate Nitrogen Ratio 
1.5 4 0.36 11.1 
2.0 8 0.33 24.3 
2.5 8 0.34 23.5 
3.0 16 0.4 40.0 
3.5 16 Oo46 34.7 
4.0 8 0.4 20.0 
4.5 8 0.44 18.2 
5.0 8 0.43 18.6 
Beca•se of the turbidity e:acountered in dissolving the precipitates, 
the concentrated ldnase solution -s centrifuged, and the clear supernatant 
fluid assayed for kinase activity, total nitrogen content, and the purifi-
cation indices calculated. These data are summarized in Table VI (Graphs 
XA, XIj,, and XIU.)o 
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TABLE VI 
pH Units of Kinase Activity 1'g Ni trogen/ml Activit?/ 
per ml of Concentrate of Concentrate Nitrogen Ratio 
1.5 4 0.27 14.8 
2.0 8 0.26 30.7 
2.5 8 0.25 32.0 
3.0 8 0.26 30.7 
3.5 8 0.35 22.9 
4.0 8 0.315 22.9 
4.5 8 0.33 24.3 
5.0 8 0.38 21.0 
Titration E 
In an attempt to overcome the turbidity repeatedly encountered in 
the preparation of the 10-fold concentrate, this titration was performed 
using staphylococcal filtrates that had been precipitated with varying 
amounts of cold 95 percent ethyl alcohol. To one volume of filtrate, 3, 
2, lt, 1, ~. i, l/8, and 0 volumes of the 95 percent ethanol were added 
resulting in a final alcoholic concentration of 71.3, 63.3, 57, 47.5, 31.7, 
19.0, 10.6, and 0 percent respectively. The precipitates thus obtained 
were assayed for kinase activity, total nitrogen, and the purification in-
dices were determined. The yeast extract dialysate broth was used as the 
substrate, and the potency of the plasminogen solution was assayed and 
designated as 8 X. The pH of precipitation was 3.0, since data obtained 
from previous titrations (C and D) indicated that filtrates precipitated 
with alcohol at this point were most actively lytic. l'-iention should be 
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made of the tact that a lyophilized preparation of plasminogen was used and 
found to be effective. Controls. using sterile medium (total nitrogen of 
1.23 mg,/ml) and alcoholic precipitates of sterile medium were without de-
monstrable fibrinolytic activity. The total nitrogen of the latter was 
0.08 mg,/ml when the precipitate was dissolved in 1/10 the original volume 
ot saline phosphate buffer. The potency of the plasminogen was 8 x. The 
results are summarized in Table VII (Graphs XIII • XIV • and XV). 
TABLE VII 
Final Alcoholic Units of Kinase Activity Mg Nitrogen/ml Activity/ 
Concentration per ml ot Concentrate of Concentrate Nitrogen Ratio 
71.3 percent 32 0.22 145.6 
63.3 
" 
16 0.22 72.7 
57.0 
" 
32 0.2 160.0 
47.5 
" 
32 0.2 160.0 
31.7 
" 
32: 0.22 145.6 
19.0 
" -
16• 0.22 72.7 
10.6 
" -
32 0.21 152.4 
0 
" 
32: o.z 160.0 
Titration F 
Since iso-electric precipitation without the use of cold 95 percent 
ethanol still elicited preparations that could be adequately assayed with 
the plasminogen solution. this titration was instituted to reevaluate the 
pH level at which maximum kinase activity could be separated. Convenient 
volumes of sterile filtrate were adjusted to varied pH levels from 2 to 4 
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at half pH intervals with concentrated hydrochloric acid. The rssultant 
precipitats was collected by centrifugation, and redissolved in 1/10 
the original volUII18 of saline phosphate butter at pH 7 .4. The un1 ts oi' 
kinase activity, tota.l nitrogen content, and purification indices were 
calcula.ted. The potency ci' plasminogen was designated as 8 x. These re-
aults are noted in Table VIII (Graphs XVI, XVII, and XVIII). The yeast 
extract dialysate broth used for this series contained 1.52 mg nitrogen/ml, 
and the crude filtrate, 1.42 mg/ml. 
Similar observations were made ai'ter centrifuging the 10-i'cld con-
centrats, using the clear supsrnate as the source of the kinase prepara-
ticn. Table IX shows the values found in the supernates, while the dotted 
lines on the graphs (XVI, XVII, and XVIII) summarize these findings. 
TABLE VIII 
pH Uni ta of Kinas a A.cti vi ty Mg Ni trogen/ml Activity/ 
per ml oi' Concentrate of Concentrate Nitrogen RAtio 
2.0 16 0.204 78.4 
2.5 16 0.22 72.7 
3.0 16 0.215 74.4 
3.5 16 0.212 75.5 
4.0 16 0.225 7lol 
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TABLE IX 
pH Units of Kinase .A.oti vi ty Mg Nitrogen/ml Activity/ 
per ml of Concentrate of Concentrate Nitrogen Ratio 
2.0 16 0.197 81.2 
2.5 16 0.192 83.3 
3.0 32 0.214 149.5 
3.5 32 o.zos 153.9 
4.0 16 0.21 76.2 
Titration G 
To deterDd.ne the final vo1Ulll8 of buffer in which to dissolve the 
precipitate (obtained at pH 3.5 as indicated by Titration F) for optimum 
clot lysis, volumes of filtrate were adjusted to pH 3.5, and the precipi-
tate was dissohed in 1/10, 1/20, l/50, and l/100 the original volume of 
filtrate. The total resuspended precipitate and supernate, obtained by 
centrifuging the concentrate, were assayed for kinase activity, nitrogen 
content, and the purification indices were calculated. The plasminogen 
solution exhibited a potency of 16 X. The findings of the "total resuspended 
precipitates are noted in Table X, while those of the supernate obtained 
by the centrifugation of the various concentrates are noted in Table XI. 
Graphs XIX, XX, and XXI summarize these data, the dotted line indicating 
the findings of the supernatant material. 
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TABLE X 
Final Units of Kinase Activity Mg Ni trogen/ml Activity/ 
Conc:entration per ml of Concentrate of Concentrate Nitrogen Ratio 
10-fo1d 8 0.25 32.0 
2Q-fold 16 0.37 43.2 
50-fold 32 0.88 36.4 
100-fold 64 1.5 42.0 
TABLE XI 
Final Units of Kinase Activity Mg Ni trogen/ml Activity/ 
Concentration per ml of Concentrate of Concentrate Nitrogen Ratio 
10-fold 8 0.24 33.3 
20-fold 16 0.31 51.6 
50-fold 32 0.72 44.4 
100-fold 64 0.92 69.6 
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68. 
CHii.PTER V 
PROPEilTIES OF THE STii.PHYLOti:INASE CONCEliTRATE 
It seemed advisable at this time to consider the other criteria by 
which pathogenic staphylococci have been classified. These include heme-
lysin production, dermo-necrotic factor, enterotoxin, lethal factor, and 
coagulase activity. Of particular interest was the degree of concentra-
tion of these pathogenic characteristics obtained in the concentrates pro-
duced, in the process of purifying the staphylokinase. 
Hemolysin 
In the datermi.llation of hemolytic activity and to show its relative 
potency in the concentrate as compared to the parent filtrate, rabbits were 
bled by means of cardiac puncture and the blood collected in tubes contain-
ing dried potassium oxalate (2 percent solution). After centrifugation, 
the plasma was discarded and the cells washed several times in saline buf-
fer. Following the washings, a 2 percent cell suspension in saline phos-
phate buffer was made for use in the test for hemolytic activity. 
For the test proper, 0.5-ml quanti ties of a two-fold serial dilu-
tion of the sterile medium (as a control), crude filtrate, and staphylo-
kinase concentrate were set up. To each tube, 0.5 ~1 of the 2 percent cell 
suspension was added, the contents of each tube thoroug;hly mixed, and placed 
in the 37 C water bath for 1 hour. The test mixtures were then placed in 
-the refrigerator overnight, and readings of complete (4/) hemolysis 
taken. As standards for the test, mixtures showing complete hemolysis 
(equal amounts of cell suspension and distilled water) were used as a 
basis for comparison. ·To show 50 percent hemolysis, a standard was made 
using 1 ml of distilled water mixed with 1 ml of the standard showi~g 100 
percent (complete) hemolysis. Similar standards were set up containing 
the sterile casamino acids-yeast extract dialysate broth in place of the 
distilled water, so that any perceptible color change could be attributed 
to the activity of hemolysin and not to the color of the culture medium. 
A comparison of the 10-fold concentrate and the parent filtrate 
showed complete hemolysis in the 1:2 dilution of the latter, and complete 
hemolysis in the 1:8 dilution of the former. Therefore, a 4-fold increase 
in hemolytic activity was observed by the technic of iso-electric precipi-
tation at pH 3.5. Sterile medium controls for this assay were negative. 
Derma-Necrotic Factor 
For the deterll'ination of dermo-necrosis, 0.5 ml of the crude fil-
trate and the kinase concentrate were injected intra-cutaneously into a 
rabbit. A similar volume of the sterile medium l!llS also injected intra-
cutaneously as the control. At the end of 48 hours, measurements of the 
areas of involvement were noted, and the degree of concentration of the 
kinase solution over the crude filtrate observed. The crude filtrate 
produced an area of necrosis measuring 16 cm2 , while the area of involve-
ment produced by the 10-fold kinase concentrate measured 35 cm2, a little 
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more than twice that of the crude filtrate. 
Since the areas of necrosis were large and since measurements of 
these areas could not be made as accurately as desired, 0.1-ml quantities 
of 2-fold serial dilutions of the preparations were injected intra-cutaneous-
ly and the highest dilution showing a reaction was observed at the end of 48 
hours. This procedure is similar to that employed in the titration of a 
variety of bacterial toxins. By this method, the crude filtrate demonstrated 
activity in the lt2 dilution, while the concentrate demonstrated similar 
activity in the lt4 dilution, indicating a 2-fold increase. Sterile medium 
used as a control was negative. 
Enterotoxin 
To determine the presence of enterotoxin in the crude filtrate or 
the concelitrate, 0.75 ml of the preparation was introduced ilito the sto-
mach of a frog by means of a pipette. The animals were observed at hourly 
intervals (for four hours), and at the end of 24- and 48 hours, for evi-
dence of spasms or vomiting. 
Results of this assay were negative for both the crude filtrate and 
the concelitrate in that the frogs showed no s~toma whatsoever. At the 
end of 48 hours of observation, the frog containing the crude filtrate 
succumbed. This however, could not be attributed to the action of any pos-
sible enterotoxin in the preparation. 
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Lethal Factor 
For the demonstration of the lethal factor in either the crude fil-
trate or the concentrate, 1.0 ml of each preparation was injected intra-
venously into rabbits, and the animals observed over a 12-hour period. 
~11 rabbits utilized for this assay showed no reaction to either the 
crude filtrate or the concentrate. 
Coagulase 
Freshly drawn human plasma was used as the source of the co-factor 
for the demonstration of coagulase activity in the concentrate and the 
parent filtrate. To shovr the relative potency of each preparation, 0.5 ml 
of plasma was added to 0.5 ml of the 2-fold serial dilutions, the contents 
mixed, and the test mixtures were placed in the 37 C water bath. Obserw.-
tions were made at the end of two hours and only those tubes showing com-
plete coagulation (inversion of the tube w.lthout loss of material) were 
noted as positive. Complete coagulation of the plasma was obtained using 
the undiluted crude filtrate. Using the concentrate, complete coagulation 
was obtained in the lt4 dilution, indicating a 4-fold increase in activity. 
The sterile medium control was negative. 
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Fibrinolysis and Fibrinogenolysis 
To compare the activity of fibrinolysis and fibrinogenolysis, two 
series of assays were made. The first of these included the routine test 
mixture of o.s ml of the kinase concent;rate (as well as the crude filtrate 
and the sterile medium control) to which were added 0.6 ml of saline phos-
phate buffer, 0.2 ml of the l percent fibrinogen solution, and 0.2 ml of 
the plasminogen solution (8 X). The mixture was clotted with thrombin and 
placed in the 37 C water bath for 2 hours. A similar test mixture was pre-
pared, but the thrombin was added at the end of the 2-hour incubation 
period. Since 2-fold serial dilutions of the crude filtrate and concen-
trate were employed, a means of comparison between the two preparations 
was available. At the end of the incubation period, the first series was 
examined for clot lysis, and the second series examined for coagulation 
after the addition of thrombin. In the case of the latter, the inability 
of the mixture to clot could be assumed to be due to a change in the fi-
brinogen. Additional coiXtrols for this series included the dialysate 
medium, crude filtrate, and kinase concentrate without the presence of the 
plasminogen solution as a source of the proenzyme. 
The routine titration showed complete lysis of the clot in the 1:4 
dilution of the crude filtrate, and in the ls64 dilution of the concen-
trate. In the case of the titration in which the addition of thrombin 
was delayed until after the 2-hour incubation period, clotting could not be 
obtained (even with an excess of thrombin) in tubes containing dilutions up 
to and including the 1:8 dilution of the crude filtrate, and the 1:64 dilu-
tion of the concentrate, indicating that fibrinogenolysis had occurred. 
12. 
The remainder of the tubes in this series could be easily clotted after the 
addition of thrambin. Also, coagulase activity could not be demonstrated 
in this assay prior to the addition ot thrombin, indicating that the plas-
minogen solution did not contain the coagulase co-factor. 
7:5. 
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IiUl4AN PLASJ>IA. FRACTI ONS 
Investigations into the role of plasma factors in the phenomenon 
of both coagulation and clot lysis han been pursued by a number of in-
vestigators particularly Lewis and Ferguson {32) who used fraction III-3 
in their research on ataphylokinase. 
The purpose of this phase of the problem was to att8lllpt to indicate 
the separability of the plasa. factors involved in the two reactions, and 
if possible, to show the separability of the bacterial products involved 
in the reaction. Human plasma fraction III was used as the source of the 
proenzyme plasminogen, and human plasa. fraction IV-1 was used as the co-
agulase co-factor. 
Fraction IV-1 
A potent source of the bacterial product in the coagulase reaction 
was compared with the staphylold.nase solution prepared by iao-electric pre-
cipitation at pH 3.5, and the precipitate dissolved in l/10 the original 
volume of saline phosphate buffer. In the test mixtures for fibrinolytic 
activity, 2-fold serial dilutions were prepared and the buffer and fibrino-
gen solutions added as previously described. In place of the plasminogen 
solution, 0.2 ml of a 1 percent solution of fraction IV-1 was substituted 
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and the mixture clotted with thrombin. In a duplicate series, the addition 
of thrombin was delayed until after the 2-hour incubation period in a 37 c 
water bath. J.t the end of this period, clot lysis was observed in the mix-
tures clotted with thrombin prior to incubation, and coagulation observed 
in those that did not contain thrombin. In this way, comparisons could be 
made between a known coagulase concentrate and a known kinase concentrate 
for fibrinolytic and coagulase activity. In this second series, thrombin 
was added to those tubes that were still liquid after the incubation 
period to verify the intact nature of the fibrinogen in the test mixture • 
. Controls for these experiments included bacterial concentrates 
without the fraction IV-1, as well as the plasma fraction without the bac-
terial products. 
Both the coagulase concentrate and the kinase preparation showed no 
fibrinolytic activity when fraction IV-1 was used as the source of plasmino-
gen. The assay in which the addition of thrombin was delayed until after 
the 2-hour incubation period, showed coagulase activity in both preparations, 
indicating the absence of plasminogen from and the presence of the coagu-
lase co-factor in this fraction. In the case of the kinase preparation, 
coagulation ..as obtained in the lr4 dilution; using the coagulase concen-
trate, clotting ..as obsel'ftd in the lr64 di:l,ution. The remainder of the 
tubes in each of the serial dilutions could be clotted when thrombin was 
added to the test mixture. Controls in this series were negative for both 
lysis and coagulation. 
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Fraction III 
Thia series of experimenta,utilizing fraction III instead of trac-
tion IV-1 and in place of the plasminogen solution, -s performed in order 
to indicate the c0111plete separability of the plasma factors invohed in 
the lytic and coagulation phenomena. The test mixtures contained o.s ml 
of the serially diluted kinase (or coagulase) concentrate, 0.6 ml of buf-
fer, 0.2 ml of 1 percent fibrinogen, and 0.2 ml of 1 percent traction III. 
In one group, the mixtures were immediately clotted by the addition of 
thrombin, and in the secODd, the addition of thrombin -s delayed until af-
ter the two hour inoubation period at 37 c. As in the previous assay (trac-
tion IV-1), observations were made for both lysis and coagulation, and 
similar controls were employed. 
Both the coagulase and the kinase preparations exhibited lysis (in-
dicating the presence of plasminogen in fraction III); the former, in di-
lutions up to and including the 1:16, and in the case of the latter, in di-
lutions up to and including the 1:4 dilution. The titrations in which the 
thrombin had been omitted until after the incubation period showed varying 
degrees of coagulation in all dilutions in the case of both preparations. 
A similar situation-s found to exist in that series of controls in which 
the bacterial preparations had been omitted, indicating the possible pre-
sence of trace amounts of thrombin in the plasma traction III preparation. 
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CHAPTER VII 
-------
DISCUSSION .AND SUMMARY 
'fhe illitial phases of this research revolved about the establish-
ment of cultural 1118thods wbich would elicit maxillll1lll k:l.uase activity by the 
:many strains of Stapliylocooous aureus under investigation. Therefore, a 
variety of culture 1118di& ,..re ex&lld.ud in order to obtain a substrate wbioh 
would support the growth of the organiDl, be sui table for k:l.:aase produc-
ti on, and at the si1JIIB time, contain m:I.IIiml amounts of complex substa.n.ces 
wbich would interfere with the separation of k:l.:aase in the process of pre-
cipitationo To attain these ends, uo-peptone (D:I.fco) broth, brain heart 
infusion (D:I.fco) broth, tryptic digest broth, casamino acids-yeast extract 
broth, and casamino acids-yeast extract dialysate broth were utilized. 
This last-named medium was tiDAlly selected because it fulfilled the re-
quirements stated above, and also, adjustment of the medium to as low a pH 
as 2.0 produced no precipitate which could interfere with the staphylok:l.:aase 
assay. 
In keeping with the findings of Aoi (1) liho noted increased ki:aase 
production when a large surface area was available to the organism during the 
incubation period, the various media under investigation were dispensed 
in 100-ml quantities in 250 ml Erle:mneyer flasks. These flasks were seeded 
with 1.0 ml of a rapidly growing (18- to 24-hour) culture, and incubated 
tor 48 hours. It was at the end of this period of incubation at 37 C that 
preparations with maximum kinase activity were obtained. 
Preliminary titrations whioh involved the screening of strains o£ 
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Staphylococcus e.ureus, contained 0.6 ml of the culture supernate and loO 
m1 of e. ls6 dilution of human plasma. After clot lysis had been obtained, 
the cultures were centrifUged and the superne.tes passed through Berkefeld 
and Seitz filters. 
Comparison of filtration technics showed the efficacy of the Berke-
feld filter, since Seitz filtrates either exhibited marked decrease in ly-
tic activity, or complete loss of the kinase as e. result o£ adsorption to 
the filter. 
In the investigation of agents for the rapid clotting of the test 
mixture, the presence of coagulase in the filtrate 11B.s relied upon to ren-
der a solid coagulum. Since difficulty 11B.S encountered in distinguishing 
between complete coagulation and begimdng lysis, calcium ion in the form 
ot Oo26 ml of a 0.26 percent calcium chloride solution was employed. 
Variation in clotting times 11B.S observed with the same strain even after 
identical incubation periods. Consequently thrombin li&S substituted for 
the calcium ion. The failure to obtain solid clots (even with the use of 
thrombin as the clotting agent) with dried plasma as the source o£ plas-
minogen could have been due to the partial denaturation of the fibrinogen 
in the drying process. 
The date. on kinase activity obtained in titration A indicated 
maximum activity in the 10-fold concentrates precipitated with 3 volumes 
o£ cold 96 percent ethanol at pH 2.0 to s.o. Extent o£ purification as 
determined by the activity/nitrogen ratios showed optimum results with the 
concentrate obtained by precipitating the crude filtrate at pH 2.0. Due to 
the variations observed and the turbidity encountered in the final concen-
trates, attempts were made to verity these data (titration B)o 
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Similar results were obtained using duplicate pH levels tor the al-
coholic precipitation of the crude filtrates as a means of comparing the 
potency of the different preparations. A partial explanation could be 
found in that the precipitates had been stored (in titration A) in the al-
cohol at refrigerator temperatures, and a denaturation of the active prin-
ciple (ataphylokinase) might have occurred. In titration B, where the 
crude filtrates were precipitated with alcohol for 1 hour, and this lack 
of uniformity still existed, it 'IIIIS felt that this variation could not en-
tirely be attributed to the activity of the orga.Di.sm, but possibly due to 
the varying levels of plasminogen in the plasmas obtained from different 
individuals. 
The carbohydrate determinations performed in titration B, produced 
results which were not reliable since variations were observed for the 
same samples identically treated. Color development 1111s not uniform or con-
llistent, the reaction apparently being photosensitive, and slight variations 
in concentration of the sulphuric acid used to dissolve the orcinol, pro-
duced extensive color changes. 
For subsequent staphylckinaae assays, the test mixture contained 
0.5 ml of concentrated or 2-fold serially diluted kinase solution, 0.6 ml 
ot saline phosphate buffer at pH 7.4, 0.2 ml of the dog plasminogen pre-
paration, and 0.2 ml of l percent fibrinogen solution (Jrmour, bovine plasma 
fraction I). Tbe mixture 1111s clotted with 1 to 3 drops (dispensed with a 
syringe and a 26 gauge needle) of bovine thrombin (Parke-Davis) containing 
500 N.I.H. units/ml. The test mixture 1111s placed in a 37 C water bath and 
observed after 30 minutes and l hour • .2!!, ~ 2!_ staphylokinase activity 
by this IDBthod is defined as the highest dilution effecting the lysis of a 
standard fibrin clot in 30 minutea. The potency of the original prepara-
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tion can then be calculated. 
Titration C showed a definitely narrow range of optimal pH for al-
coholic precipitation of the staphylococcal filtrate between pH 2.0 and pH 
4.0. This was confirmed in titration D where the pH for maximum clot lysis 
was between pH 3.0 and 3.5. The activity/nitrogen ratios were calculated 
and pH 3.0 found to be the level for Da:dmum purity of the preparation. 011 
the centrifugation of these concentrates, slightly different results were 
obtained, and consequently, re-evaluation of the alcoholic concentration 
was undertaken. It should be noted that using plasminogen preparations (in 
titrations C and D), uniform curves of activity were obtained and results 
could be duplicated. 
In evaluating the final concentration of alcohol to be used in the 
precipitation of crude filtrates at pH 3.0 (as indicated by the data of ti-
tration D), iso-electric precipitation without the use of alcohol resulted 
in precipitates which could be favorably compared l'dth those involving al-
cohol as a precipitating agent. .llention should be made of the fact that 
the yeast extract dialysate broth was used as the substrate, and pH adjust-
ment of the sterile medium to this level produced no precipitate at all. 
Therefore, any precipitable material at pH 3.0 was entirely bacterial in 
origin and not due to any components of the 11111dium itself. 
The purpose of titration F was to establish a pH of optimal activity 
eliminating alcohol as a precipitating agent. A uniform curve of kinase 
activity was obtained at all pH levels between 2.0 and 4.0. However, centri-
fugation of the samples, and the removal of possible interfering substances, 
showed pH 3.0 and 3.5 as being the points of maxiiJlUil activity. The calcu-
lated purity in terms of the activity/nitrogen ratio indicated pH 3.5 as 
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the best level for the precipitation of the crude filtrate. 
The final titration {G) was performed to determine the volume of sa-
line phosphate buffer to be used to dissolve the precipitate obtained at pH 
3.5. For this run, 10-, 20-, 50-, and 100-fold concentrates were prepared 
and assayed. Both the total resuspended precipitate and the supernate ob-
tained by centrifugation showed identical curves of kinase activity. In 
terms of activity/nitrogen ratios, maximum values were obtained for the 20-
and 100-fold concentrates. It should be noted, however, that there was 
slight turbidity in the 20-, 50-, and 100-fold concentrates even after cen-
trifugation for prolonged (2 hours) periods of time. 
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In summary of this series of titrations, staphylokinase preparations 
were obtained by the iso-electric precipitation of a 48-hour :t;erkefeld fi 1-
trate at pH 3.5, and the precipitate redissolved in 1/20 or 1/100 of the 
original volume of saline phosphate buffer. These yielded a concentrate 
having a 16- to 3G-fold increase in activity over the parent (crude) filtrate. 
Varying the concentration of the staphylokinase precipitate, a pro-
portionate increase in activity was observed as the final concentration was 
increased; also, a pronounced decrease in nitrogen was noted. Cne may con-
clude therefore, that the removal of any possible inhibitors was not in-
volved in the iso-electric precipitation technic, since this would g;ive a dis-
proportionate increase in activity as compared to the actual concentration 
of material. 
'rhe results of the assays for enterotoxin and the lethal factor in-
dicate the absence of both of these characteristics of pathogenic staphylo-
cocci from the crude filtrate and the staphylokinase concentrate. 
Additional studies of the parent filtrates &nd the partially puri-
fied staphylokinase preparation were undertaken in order to observe the d.e-
gree of concentration obtained of the derma-necrotic factor, hemolysin, 
and coagul&se activity. Dsing a 10-fold concentrate of the crude filtrate 
which exhibited a 16- to 32-fold increase in lytic activity (over the same 
parent filtrate), hemolytic studies indicated a 4-fold increase in potency, 
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ireasurements of necrotic areas, as well as positive areas of involve-
ment as shown by the serial dilution technic upon the intra-cutaneous injec-
tion of the crude filtrate and concentrate into a rabbit, showed a 2-fold 
concentration of the demo-necrotic factor in the kinase prepRration as com-
pared to the parent filtrate, }. 2-fold degree of concentration was obtained 
in tests for coagulase activity as shown by serial dilutions of the concen-
trate and the crude filtrate, However, these test for coagulase were per-
formed with hUillB.n plasma and not with any of the plasma fractions known to 
be potent soarces of the coagulase co-factor. 
In routine test mixtures containing the kinese concentrate, buffer, 
fibrinogen, and plasminogen solution, to which the thrombin r~d been added 
after a 2-hour incubation period, dilutions higher than 1:64 (and 1:8 of 
the crude filtrate) were clotted when thrombin was fina.llJ' added, The lower 
dilutions could not be clotted even when excess thrombin was added, indicat-
ing fibrinogenolytic activity in the two bacterial preparations, 
Comparative tests of kinase and coagulase concentrates for fibrino-
lytic and coagula.se activity using fraction IV-1 in place of the plasmino-
gen solution, showed no clot lysis and strong coe.gulf,se activity. Tr.is is 
indicative of the absence of plasminogen from this fraction, and the pre-
sence of the coagulase co-fe.ctor. 
A similar series using fraction III in ple.ce of fraction IV-1, and 
the same kinase and coagulase concentrates described above, shg«ed fibrino-
lytic act1 vi ty. indicating the presence or plasminogen in this fraction. 
All dilutions in the assay far coagulation, in which the addition of 
thrombin was delayed UDtil after the 2-hour incubation period, showed clots. 
This same condition was found to exist in those controls from which the bac-
terial products had been omitted, due possibly to the presence of trace 
amounts of thrombin in the plasma fraction III· In this last series, it 
should be noted that the dilutions up to ls4 in the case of the kinase con-
centrate, and 1:32 in the case of the coagulase concentrate, showed lysis 
of the fibrin clots that had formed. 
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CONCLUSIONS 
Bacteriological methods for the growth of Staphylococcus aureus 
are described. These include the use of a casamino acids-yeast extract 
dialysate medium at pH 7.8, incubated at 37 C for 48 hours to produce pre-
parations with maximum kinase activity. The efficacy of using Berkefeld 
filtration in contrast to Seitz filtration is also indicated. 
Due to the variability of plasminogen concentrations in different 
human plasmas, dog serum precipitated by l/3 saturation with ammonium sul-
phate, is indicated as the desirable source of plasminogen. 
By the use of bovine fraction I (.Armour) and purified bovine throm-
bin (Parke-Davis) to form the fibrin substrate, and a fraction of dog plas-
ma produced as indicated above as the source of plasmi.nogen, a reproducible 
system for the assay of staphylokinase activity is available. 
F1brinogenolysis can be demonstrated by the absence of clot forma-
tion when the addition of thrombin is delayed until after the incubation 
period. 
Due to the turbidity of the alcoholic precipitates of crude filtrates 
when redissolved in l/10 the original volume of saline phosphate buffer at 
pH 7.4, and the difficulty, in many cases, of duplicating results, the omis-
sion of alcohol as a precipitating agent is recommended since its use appar-
ently contributed nothing. Consequently, iso-electric precipitation at pH 
3.5 of sterile filtrates is the method of choice. The precipitates thus ob-
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tained -y be redissolved in 1/10 the original volume of saline phosphate 
buffer and assayed for kinase activity. 
Results by this method showed a 16- to 32-fold increase in activity 
of the concentrate over the parent filtrate. The differential increase in 
concentration of staphylokinase as compared to the other active factors 
studied for comparison and the very~ked reduction in the ratio of total 
nitrogen to staphylokinase in the concentrate, as compared to the crude fil-
trate • indicate that a COIUiiderable degree of purification of the kinase has 
been achieved. Evidence is presented to show that the increase in kinase 
activity was probably not the result of the removal of any appreciable amount 
of inhibitors. 
Studies of parent filtrates and the partially purified staphylokinase 
preparations, to determine the degree of concentration of other characteris-
tics of pathogenic staphylococci • were negative for the lethal factor and 
enterotoxin. However • tests for the dermo-necrotic factor • hemolysin, and 
coagulase activity showed an approximately 2- to 4-fold increase on the part 
of the concentrated preparation over the parent filtrate. 
Both coagulase and staphylokinase preparations were found to be non-
lytic and coagulase positive using traction IV-1 in place of the plasmino-
gen solution in the assay. This indicates the absence of plasminogen from 
and the presence of the coagulase co-factor in this fraction. Also, both 
preparations were found to be fibrinolytic using fraction III as the 
source of plasminogen. Coagulase studies involving this last fraction were 
unsuccessful since spontaneous coagulation of the test mixture occurred, due 
possibly to the presence of trace amounts of thrombin in fraction III· 
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THE PRODUCTION, CONCENTRATION, PURIFICATION, AND PROPERTIES OF STAPHYLOKINASE 
The purpose of this investigation-s to concentrate, purify, and 
assay the enzyme elaborated by certain strains of Micrococcus pyogenas ~· 
aureus (Staphylococcus aureus), whereby these organisms are capable of ef-
recting the lysis of fibrin. These studies included the selection of strains 
capable of producing filtrates containing potent kinase; the selection of a 
culture medium which would support the growth of the organism, and at the 
same time insure adequate enzyme production; a method of concentration and 
assay of enzyme activity; and studies of the concentrate for properties cha-
racteristic of various pathogenic staphylococci. 
A review of the literature pertaining to staphylokinase or as it had 
formerly been designated, staphylococcal fibrinolysin, is presented. Few 
data are available for the production of staphylokinase specifically; how-
ever, it has been generally agreed that coagulase activity, hemolysin and 
pigment production, as well as kinase activity, are intimately related to 
the pathogenicity of the organism. Therefore, strains used in these studies 
of kinase production were selected primarily on the basis of these other 
criteria. 
The phenomenon of fibrinolysis by staphylococci has not been investi-
gated as eztensively as streptococcal fibrinolysis ("streptokinase") due to 
the slow rate of the reaction, the small quantity of enzyme produced by the 
organism, and the difficulty of identifying kinase-positive strains. Never-
theless, recent studies have sh01111 the suitability of the term "staphylo-
kinase" as a designation for the bacterial product in the fibrinolytic sys-
tem, since an activator of plasma protease (plasminogen) is involved. Tests 
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utilizing boviDS plasma fraction I (Al"mour) which lacks this precursor of 
the lytic protease. were unsuccessful in eliciting clot lysis. However. 
using human plasma traction I • previously shown to contain plasminogen. fi-
brinolysis occurred. 
Purification of bacterial filtrates by means of precipitation with 
either 95 percent ethanol ~or acetODS has been the method consistently 
employed by others for the concentration of staphylokinase. Since these pro-
cedures have yielded precipitates which have been assayed with varied sources 
of plasminogen (prolysin) • it is difficult to canpare the relative value of 
the technics involved. 
The initial phases of this research revolved about the establishment 
of cultural methods which would elicit maximum kinase production by the ma.ny 
strains of Staphylococcus aureW! under investigation. A yeast extract dia-
lysate-oasamino acids medium was aeleoted because it was capable of support-
ing growth of the organism and kinase production. and adjustment of the 
medium to as low as pH 2.0 produced no precipitate which could interfere with 
the staphylokinase assay. The initial pH of the medium was 7.8. and after a 
series of two to four daily transplants for adaptation of the strain to this 
medium. 1.0 ml of a rapidly growing (18- to 24-hour) culture was inoculated 
into 100 ml of the dialysate medi urn in a 250 il11 Erlemneyer flask. A 48-hour 
period of incubation at 37 C was required to produce preparations with maxi-
mum activity. After centrifugation in the cold. the supernatant was passed 
through a Berkefeld filter. and the clear filtrate used as a source of ki-
nase for further concentration. 
A serial dilution method for determining the potency of staphylokinase 
preparations was established using h\IIII&D plasma as the source of plasminogen 
as well as fibrinogen. Due to the variability of plasminogen concentrations 
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in the different human plasmas, dog serum, precipitated by 1/3 saturation 
with a.mmoni um sulphate • was substituted for the human plasma • and t'i brino-
gen (.Armour • bovine fraction I) added to the test mixture. 
Precipitation of the crude filtrate at 0 C with 3 volumes of cold 
95 percent ethanol at varying pH levels yielded precipitates which were ade-
quately potent for assay when redissolved in 1/10 the original volume of' sa-
line phosphate buffer at pH 7 .4. Honver • the turbidity of the final solu-
tion prevented, in many cases • the duplication of results. Consequently, 
iso-electric precipitation at pH 3.5 without the use of alcohol was finally 
selected as the procedure of' choice • and the precipitates thus obtained 
were redissolved in l/10 the original volume of buffer at pH 7.4 and assayed 
for kinase activity. 
The method of assay involved the use of 0.5 ml of concentrated or 2-
f'old serially diluted kinase solution to which -re added 0.6 ml of saline 
phosphate buffer at pH 7.4, 0.2 ml of l percent fibrinogen solution (.Armour's 
bovine plasma fraction I) • and 0.2 ml of the dog plasminogen preparation, the 
mixture was then clotted with 1 to 3 drops (dispensed .with a syringe and a 
26 gauge needle) of' bovine thrombin (Parke-Davis) containing 600 N.I.H. unite 
per ml. The teat mixture was placed in a· 37 C water bath and observed after 
30 minutes and 1 hour. One unit of staphylokinase activity by this method 
was defined as the highest dilution which would effect the lysis of a stan-
dard fibrin clot in 30 minutes. The potency of the original preparation 
could then be calculated. 
Fibrinoganolysia could be demonstrated by the absence of clot forma-
tion when the addition of thrombin was delayed until after the incubation 
period. As a basis for comparison of various filtrates under investigation, 
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all plasminogen preparations were assayed by this method using 0.2 ml of the 
serially diluted plasminogen and 0.5 ml of the concentrated staphylokinase 
preparation. Results of this method showed a 16- to 32-fold increase in ac• 
tiv:l.ty of the concentrate over the parent filtrate. The differential in-
crease in concentration of stpahylokinase as compared to the other active 
:factors studied for comparison (see below) and the very marked reduction in 
the ratio of total nitrogen to staphylokinase in the concentrate, as cam-
pared to the crude material, indicate that a considerable degree of purifi-
cation of the staphylokinase was achieved. 
Studies of parent filtrates and the partially purified staphyloki-
nase preparations, to determine the degree of concentration of other charac-
teristics of pathogenic staphylococci, were negative for the lethal factor 
and enterotoxin. However, tests for the dermo-necrotic factor, hemolysin, 
and coagulase activity showed an approximately 2- to 4-fold incr9a10e on the 
part of the concentrated preparation over the parent filtrate. 
Attempts were made to compare the kinase and coagulase properties of 
the staphylokinase preparation with a known coagulase-positive concentrate 
using human plaslllll. fraction III as the source of plasminogen and human plas-
ma fraction IV-1 as the source of the coagulase co-factor. Both prepara-
tions were found to be non-lj~ic and coagulase positive using fraction IV-1, 
indicating the absence of plasminogen from and the presence of the coagu-
lase co-factor in this fraction. Also, both preparations were fibrinolytic 
using fraction III as the source of plasminogen. Coagulase studies involv-
ing this last fraction were unsuccessful since spontaneous coagulation of 
the test mixture occurred, due possibly to the presence of trace amounts of 
thrombin in fraction III. 
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S~y 
lo Potent staphylokinase preparations were obtained by iso-eleotric 
precipitation of the filtrate at pH 3.5 and redissolving the precipitate in 
1/10 the original volume of saline phosphate buffer at pH 7.4. 
2. A method for the assay of kinase activity was established along 
with the definition of standard units of potency. 
3. In addition to a 16-fold concentration of staphylokinase, a less 
marked increase in activity of hemolysin, coagulase, and the dermo-necrotic 
factor was noted in the concentrate. 
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